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Karlegging av kjønnsbestemmende kandidatgener i 
Atlantisk laks (Salmo salar)
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Salmo salar: UniGene Build #28 
 
ESTs are from dbEST through 04 Oct 2010 
 
16,608   mRNAs 
0   Models 
0   HTC 
155,145   EST, 3'reads 
219,990   EST, 5'reads 
76,129   EST, other/unknown 
 
467,872   total sequences in clusters 
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SNP_ID ErrorReport 
Aldh3a1_5773 No primers found on 3' side of SNP: too much repeated subsequence 
Aldh3a1_5990 No primers found on 5' side of SNP: too much repeated subsequence 
 
Dmrt2b_852 No primers found on 5' side of SNP: too many unknown bases 
Gata4_191 Not enough bases of 5' side of SNP to design primers 
Shbgb_1585  Invalid SNP syntax for SNP: [/] 
Sox04_1231 No primers found on 5' side of SNP: too much repeated subsequence 
 
Tbx1_para_3279 Failed to design stop mix for reverse extend primer: cannot design 
primer/analyte within mass window. Failed to design stop mix for 
forward extend primer: cannot design primer/analyte within mass window. 
 
 
Wt1_para_7278 No primers found on 5' side of SNP: too much repeated subsequence 
 
	+3!2!.@/%03/!4,!0! 0$0/+)!+"0$!,100%2!/)%#$001.*+100+!"(/!,+/%0%2!/* *+0.!(/@)+.!0$*+*!,100%2!3/,%'! "+.!2!.5#!*!M/!!/!0%+*UCUNC,,!* %4
(%/0/0(!3$!.!0$! %/0.%10%+*+"0$!//5/ !/%#*! .!/$+3*@%*(1 %*#0$!)1(0%,(!40$!53!.!,(! %*C
Results and Discussion
27
 TZ
")%(5)0!.%(+*/%/0%*#+"UZR/),(!/%*TS")%(%!/3!.!#!*+05,! "+.0$!/!"+1.)1(0%,(!4!/* *(56! 1/%*#0$!//,!0.+2UCV/+"03.!C"0!.*10+)%6! #!*+05,!((%*#@ 03/)*1((5%*/,!0! 1/%*#0$!//5,!.*(56!.2UCU/+"03.!C.'!./3!.!(//%"%! %*0+W %""!.!*0(//!/B/@DU@/@* 
C!*+05,%*#.!/1(0/.!,.!/!*0%*#0$!/!(//!/.!/$+3*%*"%#1.!/SS@ST@SU@SV* SWC

%#1.!SSC05,%(!4),(!+"$+33%((! %/,(5! %*5,!.*(56!.2UCUC$.!!(1/0!./ %/,(5$+)+65#+0!M+.*#!N@$!0!.+65#+0!M#.!!*N* $+)+65#+0!M(1!NC$!.!  +0/ %/,(5! .!!%0$!.(*'/M*+%*3!((N+.3!((/3%0$3!'J1*(!./%#*(C

Results and Discussion
28
 T[

%#1.!STCC05,%(!4),(!+"$+3)+*+)+.,$%).'!.3%((! %/,(5! %*5,!.*56!.2UCUM%*0$%//!$!0!.+65#+0!NC


%#1.!SUC4),(!+"$+3,.(+#+1//!-1!*!2.%*0MN3%((,,!.%*5,!.*(56!.2UCUC*(5$!0!.+65#+0!/,,!./%*0$!,(+0C

Results and Discussion
29
 UR

%#1.!SVCDUC$%//$+3/$+305,%(DU)5(++'(%'!%*5,!.*(56!.2UCUC
*/0! +"!%*#(1/0!.! /*+.)(@,(+0/.!/'!3! 0++*!/% !C


%#1.!SWC
C$%/"%#1.!/$+3/$+3*..50$0+1( *+0! !/%#*! 3%(((++'(%'!C

(!X,.!/!*0/((0$!).'!./1,(+ ! %*0$!5,!.*(56!.2UCU/+"03.!* 0$!%.(//%"%0%+*C












	
	



 
  
  
  
 	 	
 





!!


"
#!!"
	    " 	
Results and Discussion
30
 US
(!XB.'!./1,(+ ! %*0+//5,!./+"03.!C.'!./3!.!/+.0! %*0+W %""!.!*0(//!/A@DU@@
* C+.0$!).'!./0$001.*! +100+!)+*+)+.,$%MN@0$!((!(!%/(/+#%2!*C
.'!.
 (// .'!.
 (// .'!.
 (//
( $USOURVR  / "OZYRU  +4SSOTWZ 
)$OSSUY  .,SOTZXT  +4SSO,.OTZ[Z 
)$OUYSZ  .,SO,.OS[XW  +4STOSTRZ 

),XOSUZV  $4[OS[TZ  +4STOVX[ 
),XOSXW 
 $4[OWXUU  +4SUOZWX 
),XO,.OSXY 
 %)SOSR[TR  +4S[OTYVZ 
),XO,.OSYX 
 %)SOZWXZ  ,.OTRYY 
. UOSRSW  !,SOSWUT  ,.OTVSS 
. UO[XSU  !,SOVZYY  .5OTVSX 
. UO[[RR  !,SOYTZ  .5OYWSU 
. UO,.OSWVR  %/STOUTRY  /DVOSSYT 
. UO,.OSYR[  ,0SOTTVX 
 4(OUWVS 
5,S[OSW[[  "SO,.OX[S  4(O,.OSSRX 
5,S[OSXTR  $#OWWYW  4SOSTUV 
).0SOTRUS  $#O,.OSUZV  4SO,.OS[YS 
).0SOURZS  +4RSOSVRX  ,WUOVTVY 
).0TOVVU[  +4RSOXUXZ  ,WUOXSVR 
).0UOSXZZ  +4RTOVXWT  ,WUOXS[Z 
).0UOTTY[  +4RTOXXSX  .TOVRWR 
+4(TOSTWSX  +4RVO,.OXUVR  .TOXZ[R 
+4(TOWXUT  +4RWOUXTR  .TO,.O[RSS 
+4(TOZ[XR 
 +4RXOUWXW  /OXY DU
+4(TO,.OSRTSR  +4RXOXSRW  ,OTX[Z 
+4(TO,.OSRTZU  +4RXOYZVW  **SOWVT 
.1OUXTT  +4SROTR[X  0SOSUT 

0VOTTS  +4SROUUR[  0SO,.OZ[RU 
/ "OUTVZ  +4SROUUV[ 
 0SO,.O[W[R 



Results and Discussion
31
 UT
(!YM!(+3N,.!/!*0/0$!*1)!.+").'!./0$0"!((%*0+!$(//C

(!YB$!0+0(*1)!.+"/@DU/@/@/* 
C
/B SY
DU/B S
/B SS
B VV

B Z
+0(B ZS



03/%0 %/,,+%*0%*#0$0+1.#!*+05,%*#.!2!(! 0$0+*(5SZ+10+"ZS//5/01.*! +100+!F.!(G/+.DU/C(.#!".0%+*+",100%2!/01.*! +100+!)+*+)+.,$%).'!./MN+.,.(+#+1//!-1!)!2.%*0/M/NC$!)+/0(%'!(5!4,(*0%+*0$%/%/0$0!..+./%*0$!.!/!-1!*%*# 0$2!!!*)%/%*0!.,.!0! //C2% !*0(5@+*!3!'*!//%*0$! !0!0%+*3/(+3/!-1!*!+2!.#!M,,.+4%)0!(5T4+2!.#!N,!.%* %2% 1(/!-1!*! C$1/*(0!.*0%2!35+"*(56%*#0$! 03+1( !0+)%40$!/!-1!*!/+"0$!VW%* %2% 1(/%*0+#!*!,++(C$%/,++(3+1( (/+#!*!.0![R4+2!.#!@%*+*0./00+0$!T4+2!.#!"+.!$%* %2% 1(C(/+@0$!+* %0%+*/%*0$!1..+3/$!!(!.(%#*)!*00++(+1( $2!!!*)+.!/0.%*#!*00+2+% )%4! .! /".+),.(+#+1/.!#%+*/C
(.#!.".0%+*+").'!./3%0$%*0$! 1,(%0!.!#%+*/%*0$!0(*0%/()+*#!*+)!%/!4,!0! 0+!/M*6)**!0(CTRRZNC//$+3*%*0$!"%#1.!SV@#!*+05,!(1/0!./(++'/(%'!*+.)(@10!2!.50$%*#%//'!3! 0++*!/% !C$!.!/+*"+.0$%/%/0$00$!%.//5/%#*(.!"(!0/)%401.!+""+1.((!(!/C/! +*)*1(%*/,!0%+*+" 01/%*#0$!//5,!.*(56!.2UCU/+"03.!@3!&1 #!0$0,,.+4%)0!(5W@W^+"0$!).'!./%*0$%/3+.'3//@3$%$%/(+3!.0$*0$![@W^!/0%)0! ,.!2%+1/(5".+))%.+/0!((%0! 0M*6)**!0(CTRRZNC$!.!/+*"+.0$!(+3".!-1!*5+" 1,(%0! ).'!./%/)+/0(%'!(51/! 50$!(+3)+1*0+").'!./),,! %*#!*!.(%*0$%/0$!/%/C%*!+*(5SZ).'!./%*0$%/0$!/%/3!.!
Results and Discussion
32
 UU
F.!(@G0$!,+.0%+*+"/+1( !/%(5!.* +)* %/*+0.!,.!/!*00%2!"+.0(*0%/()+*/3$+(!C

7-9- 
 "" SZ/3!.!#!*+05,! %*/!0+"UZR%* %2% 1(/".+)TS %""!.!*0")%(%!/C$!/!")%(%!/.!".+)/1/!0+"(.#!.)0!.%(1/! 0++*/0.10$%#$D !*/%05D),"+.0(*0%/()+*M%!*!0(C1)NC
$!.!/1(0/".+)0$!(%*'#!*(5/%/+)%*%*#0$!03+ 0/!0/1/%*#0$!03+D,+%*0+,0%+*%*
M.!!*S[[RN.!,.!/!*0! %*0(!ZC















Results and Discussion
33
 UV
(!ZB$!/),,! 503+D,+%*0*(5/%/#%*/0).'!./%*#!*!0%),+*/0.10! "+.0(*0%/()+*M%!*!0(C1)NC$!!/0D/+.!%/!03!!*0$!* % 0!#!*!/),,! * ,.!2%+1/(5),,! ).'!./@(+*#3%0$0$!.!+)%*0%+*.0!C$!$.+)+/+)!!$3/),,! 0+%/#%2!*/3!((*,,.+4%)0! %/0*!%* +3*3. +*0$!$.+)+/+)!"+.+0$)(!* "!)(!C$!)!%+/!/+(1)*,.!/!*0/%*"+.)0%2!)!%+/!/"+.0$!/C


*+

6*&)

&
$ %
+ &%

)&
$&*
&$


$
#
$
#
 &
**
( $US S[@ZY R [ 5/+78 2(3+4(6 159 
)$ ST@VT R@RW SR 26(4+37(8 0(5+0(6 54 
. U SW@TS R W 6/+8/ 32(7+33(0 114 
. U,. US@[S R TY 08+25 /(5+0(1 245 
+4(T ST@RV R SV 3/+54 /(8+1(2 43 
.,S TW@[T R SR 43+75 1(0+7(8 172 
%/ST X[@ZV R SU 46+66 0(8+4(0 356 
"S,. US@VV R SZ 27+55 0(6+16(1 223 
+4RS UZ@YU R SY 33(3+57(1 /(7+5 275 
+4RT SW@V R SR 23(1+42(8 0(5+1(0 71 
+4RX UX@TT R SS 31(1+72(2 0(0+1(7 263 
+4ST ST@[V R TW 23(7+43(6 /(1+1 57 
+4S[ ST@RX R Y 1/(7+84(2 46(2+47(0 71 
,. VX@[[ R [ 48(1+85(0 1(2+4(6 261 
,WU UV@VX R@RT V 28(5+66(2 1(4+2(3 247 
.T UR@YS R SX 42(3+51(2 1+8(5 155 
/ UX@YT R TY 24(7+42(3 0(1+2(4 308 
, VY@WX R S 004(2+023(2 38(8+41(3 311 


+/0(%'!(5$.+)+/+)(,+/%0%+*/"+.0$!SZ#!*!/0$03!.! !0!.)%*! /! +*.!+)%*0%+*.0!M/(+3/,+//%(!N* /+.!/M/$%#$/,+//%(!NC$!/+.!%/.!/1(0+".!+)%*0%+*".!-1!*5* %*"+.)0%2!)!%+/!/C	+3!2!.@%*0$%//01 53$!.!+*(5UZR%* %2% 1(/3!.!1/! %*0$! !0!0%+** #!*+05,%*#%0G/ %""%1(00+,(!0$!0+*1.0!,+/%0%+*+*0$!$.+)+/+)!/%*!0$!*1)!.+")!%+/!/%/.!(0%2!(5(+3C
")+.!%* %2% 1(/3!.!%*(1 ! %*/01 5@%0/$+1( $2!
Results and Discussion
34
 UW
!!*,+//%(!0+#!0)+.!1.0!0$!,+/%0%+*%*#+"0$!#!*!/3%0$%*$.+)+/+)(.!#%+*C

*0(*0%/()+*0$!.!%/#.!0 %""!.!*!!03!!*)(!/* "!)(!/%*0!.)/+".!+)%*0%+*.0!/M*6)**!0(CTRRZA%!*!0(C1)A+!*!0(CTRRZNC%#1.!SX,.!/!*0/*+2!.2%!3+"/()+*$.+)+/+)!T3%0$)(!* "!)(!).'!.),/0'!*".+)%!*!0(CM%!*!0(C1)NC$!"%#1.!%((1/0.0!/#!*!.(.!+)%*0%+*,00!.*%*)(!/()+*$.0!.%6! 5$%#$.!+)%*0%+*%*0!(+)!.%.!#%+*/@10(+3+*0$!+0$!.$.+)+/+)(.!#%+*/C$%/(+3.!+)%*0%+*.0!%*)(!/""!0/+1.%(%050+,.!%/!(5,+/%0%+*#!*!/3%0$%*!.0%*.!#%+*/C


Results and Discussion
35
 UX

%#1.!SXC0(*0%/()+*$.+)+/+)!TM%!*!0(C1)NC! .!/%*"!)(!* )(!+..!/,+* 3%0$!$+0$!.@/+)!0$%*#0$0/$+3/0$00$!.!+)%*0%+*.0!%/)1$(+3!.%*"!)(!/0$*)(!/C


7-:- 
 %&%!% &! $7-5*%%+!!*0(5*//!)(5+"/()+*#!*+)!M()+*!(!.UCS4N3/#!*!.0! %*
C,,%*#+"#!*!/0+/""+( /3%0$,+/%0%+*/%*0$! !*/!(%*'#!+*/0.10! 5%!*!0(CM%!*!0(C1)N((+3"+.),,%*#+"  %0%+*(* % 0!#!*!/0+$.+)+/+)!/C
(![/$+3/#!*!/),,! 50$!()+*!(!.UCS4//!)(5C,,!* %4

(/+,.!/!*0/0$!#!*!/0$03!.!"+1* %*0$!/!.$!03!!*0$!)/'! /!-1!*!/
Results and Discussion
36
 UY
* 0$!()+*!(!.UCS4//!)(5C!2!*05/!-1!*!/3!.!/!(!0! ".+)0$!/!.$#%*/00$!()+*!(!.UCS4//!)(5C	+3!2!.@+*(5TT+"0$!/!/""+( /$ !!*),,! 0+$.+)+/+)!5/""+( (.! 5,+/%0%+*! 50$! !*/!D),#!*!.0! 5%!*!0(C@M1)CNC$%/(!2!/+10UY/!-1!*!/,+/%0%+*! 0+/""+( /*+05!0//%#*! 0+*5/,!%"%$.+)+/+)!/C

(![C$!0(!/$+3/#!*!/,+/%0%+*! 5!03!!*0$!-1!.5/!-1!*!/* 0$!()+*!(!.UCS4//!)(5C$!0(!,.!/!*0/3$0/""+( 0$!#!*!%/),,! 0+@/""+( (!*#0$@* $.+)+/+)!*1)!.C$!*1)!.0!((/3$0$.+)+/+)!%/(+/!/00+0$!#!*!@* "!)(!0$! %/0*! +3*3. +*0$!$.+)+/+)!C$!% !*0%05@!D2(1!* D/+.!/$+30$!-1(%05+"0$!$%0!03!!*0$!-1!.5/!-1!*!* ()+*!(!.UCS4//!)(5C
% &# * %,$) $# 
%+ +0= 6-#, 6*&)
20 "04075786 ""/8  045 58(4 0// / 024/
20*! "04075786 ""/8  045 58(4 83(08 / 737
+"& "04068116 ""/2  17/ 001 0// / 7/0
 "04/86628 ""0/  55 34(0 0// / 761
5 "0408/630 ""11  37 26(3 73(31 5(//+11 000
!2 "04082734 ""/4  054 70 82(77 4(//+42 103
!2 "040020/6 ""/1 87 20(3 0// / 535
!#1 "04081858 ""12  13 02(1 0// / 807
 "04082768 ""07  41 31(2 0// / 860
#0 "04081345 ""16  16 08(7 0// 1(//+20 032
0 "04077466 ""/2 35 3(8 78(08 3(//+26 050
0 "04083340 ""07  0/0 1(4 81(87 6(//+41 10/
&/5 "04082/82 ""12    0// / 0187
&/8)&06 "0404764/ ""18  13 14(0 88(60 / 57/
&05 "04062060 ""17  02 7(2 71(53 0(//+44 111
&0 "04077003 ""13  3/ 26(2 75(56 0(//+022 371
#42 "04007367 ""/3  66 41(0 0// 2(//+002 305
%" "041/328/ ""16  006 40(7 78(62 0(//+64 178
%" "040552/5 ""/3  64 37 0// 1(//+35 081
 "04081477 ""/0  26/ 023 0// 5(//+53 14/
0 "04020778 ""07  34 27(3 0// 2(//+43 107

Results and Discussion
37
 UZ
2!*0$+1#$)+/0#!*!/,.!/!*0! %*0(![,.+ 1! #++ $%0/!03!!*0$!-1!.5/!-1!*!* 0$!()+*!(!.UCS4//!)(5@/!2!.(#!*!/MX@S@SX@S* +*!+"0$!2!./%+*/N$ (+3% !*0%05!03!!*0$!-1!.5/!-1!*!* 0$!!/0$%0%*0$!//!)(5C$!#!*!X(/+$ (+3/+.!C$!.!/+*"+.0$%/%/0$0"0!.0$!/""+( 0$!/!/!-1!*!/3!.!,%'! +10/,+0!*0%(,.(+#1!/C
$!/()+*!(!.UCS4//!)(5+*(5//%#*! $.+)+/+)!0+0$!#!*!RXC$!.!3!.!*+).'!./+*0$!/)!/""+( 0+#%2!)+.!,.!%/!,+/%0%+*C$%/+1( !*!..+.C
R[* SY,.+ 1! % !*0%($%0/%*0$!/()+*!(!.UCS4//!)(5C
0%/$. 0+'*+33$%$+*!+"0$!/!03+0$0%/01((5),,! * 0$!.!"+.!%0%/**+00! /R[JSY00$%/,+%*0@10,.+(!)0$%/3%((!  .!//! %*/!0%+*UCZC













Results and Discussion
38
 U[
7-;- !"$%! ! "" $%'&% 
&% %&! $7-5*%!%"!%&! &!$!!%!%
(!SR/$+30$!(%*'#!),,%*#.!/1(0/+),.! 0+0$!/!.$#%*/00$!()+*!(!.UCS4/""+( /,+/%0%+*! +*$.+)+/+)!/5%!*!0(CM1)N

(!SRB%*'#!),,%*#2/()+*!(!.UCS4//!)(5C
 .&6'& %+# %"%#0* *
#$&%#):59/( $US R[ R[-)$ SR SR-. U RW RT,JRW-. U,. TY +4(T SV .,S SR %/ST SU "S,. SZ +4RS SY +4RT SR +4RX SS +4ST TW +4S[ RY ,. R[ ,WU RV RV-.T SX / TY TY-JRV-, RS RS-
.+)0$!0(!SR3!/!!0$0#!*!/),,! +0$50$!03+D,+%*0(%*'#!*(5/%/* #%*/00$!()+*!(!.UCS4//!)(5#2!/%)%(.$.+)+/+)((+0%+*/C

*0(!Z@U,.@3$%$%//!-1!*!/!(!0! %*0$!()+*.$*!SC[X4//!)(5/,+0!*0%(,.(+#1!"+.0$!UD#!*!@%/),,! 0+$.+)+/+)!TYC$%/%/$.+)+/+)!*+0$+)+(+#+1/0+0$!$.+)+/+)!/T* W@3$!.!0$!UD#!*!3/),,! C$!.!/+*"+.0$%/+1( !0$0.0$!.0$*"%* %*#0$!,.(+#1!"+.0$%/#!*!@ %""!.!*0#!*!%*0$!/)!#!*!")%(53/"+1* C
"U* U,.3!.!,.(+#+1/0$!53+1( !(+0! +*$.+)+/+)!/0$0.!$+)+(+#+1/0+!$+0$!.C

Results and Discussion
39
 VR
7-<- !!!+)&%&(!SS,.!/!*0/0$!$.+)+/+)!,+/%0%+*+"0$!#!*!/),,! %*0$%/0$!/%/(+*#3%0$0$!%.$+)+(+#1!/C$!%./5*0!*%$.+)+/+)(.!#%+*/%*/0%'(!'.!(/+(%/0! @/3!((/0$!,.! %0! (+0%+*+"0$!* % 0!#!*!/%*0$!/0%'(!'#!*+)!M".+),,!* %4

NC

(!SSC$!0(!,.!/!*0/0$!(+0%+*+"0$!#!*!/),,! 0+/()+*$.+)+/+)!/M/$.N@/3!((/0$!%.$+)+(+#+1/.!/M/	+)+(+#1!/NC$!03++(1)*/+*0$!(!"0/$+3/0$!$.+)+/+)!/%*/0%'(!'0$0.!/5*0!*%0+0$!),,! /()+*$.+)+/+)!/M0'$.	+)!+CN@/3!((/0$!!4,!0! /5*0!*%$.+)+/+)!%*/0%'(!'/! +*0$!#!*!G/(+0%+*%*/0%'(!'".+)0$!!*+)!.+3/!.M0'$.NC
 (' (	$"$!$*( ) '	$"$1 ) '
( $US //R[- //RW, 
 
( $US,. //R[- //RW, 
 
)D /4 //RU- //RX, 
 )$ //SR //SX-J//TU 


J
 


),X //TT- //ST- 

 
. U //RW- //RT,  . U //RT, //RW-  . U,. //TY //SV-  ).0T //TU- //SRJ//SX- 


J
 


*( //SZ- //RS-J//TZ 
 +4(T //SV //RU,J//TY 


J 
.,S //SR //SX-J//TU 


J
 %/ST //SU //RV-J//SS-J//SW- 
J

J

 

,0S //TY- //SV-  ,S //RU, //SV- 


 


"S //SZ- //RS-J//TZ 
 "S,. //SZ //RS-J//TZ 
 +4RS //SY //RY-J//SX- 
J
 
+4RT //SR //SX-J//TU 


J
 


+4RX //SS //TXJ//SU-J//RV-J//RS- 

J

J
J
 

+4RX //TU //SRJ//SX- 


J


J
 

+4R[J+4SY //T[- //S[- 
 
J


+4ST //TW //TS 
 
+4SX //TZ- //SZ-J//S[- 
 
+4S[ //RY //SY-J//SZ- 
J

 

,. //R[ //TR-J//RW,J//RS, 
J
J 
4S //TV- //TR- 


 


,WU //RV- //SU-J//SS- 

 

.T //SX //SRJ//SY-J//TU 
J

J


J
 / //TY- //SV-  / //RV- //SU-J//SS- 

 , //RS- //SZJ//R[J//SSJ//SU 
 
**S //SZ- //RSJ//TZ 
 

10+"UU#!*!/!-1!*!/@SY3!.!),,! %*+. *!3%0$!4,!0! /5*0!*%$.+)+/+)(.!#%+*/!03!!*/0%'(!'* 0(*0%/()+*C!2!*#!*!/3!.!),,! 0++*"(%0%*#.!#%+*/* "+1.+"0$!#!*!/%*0(!SS+1( *+0!(+0! %*
Results and Discussion
40
 VS
/0%'(!'50$!!*+)!.+3/!.C$!#!*!3/),,! 0+$.+)+/+)!TY50$!03+D,+%*0*(5/%/* 0+$.+)+/+)!,+/%0%+*/V-* TY-50$!/""+( ),,%*#C(![/$+3/0$00$!% !*0%05+"0$!D#!*!),,! 0+/()+*$.+)+/+)!,+/%0%+*TY-%/Z[@YU^@3$%(!0$!% !*0%05+"0$!#!*!),,! 0+$.+)+/+)!,+/%0%+*RV-%/SRR^C
*0(!SS@+*(50$!2!./%+*+"0$!D#!*!0$03/),,! 0+/()+*$.+)+/+)!,+/%0%+*TY-)0$!/%0/!4,!0! ,+/%0%+*%*/0%'(!'C!1/!+"0$!$+)!+(+#53%0$0$!$.+)+/+)!,+/%0%+*TY-%/)+/0(%'!(50$!+..!0(+0%+*"+.0$%/#!*!@(0$+1#$0$!2/2!./%+*),,! 0+$.+)+/+)!,+/%0%+*RV+1( !%*0$!/)!#!*!")%(5@10*+0,.(+#1!!1/!+"0$!('+"$+)+(+#5!03!!*/()+*$.+)+/+)!/V* TYC
$!),,%*#+"0$!#!*!/!-1!*!+..!/,+* %*#0+R[+.SY/$+3)0$1,3%0$0$!(+0%+*+"0$!R[#!*!%*/0%'(!'@* 0$!.!"+.!3!*+*(1 !0$00$!#!*!),,! %/)+/0(%'!(5R[* *+0SYC
.!/+*"+.3$5/+)!+"0$!#!*!/),,! %*0$%/0$!/%/ % *+0)0$0$!!4,!0! ,+/%0%+*%*/0%'(!'+1( !0$00$!/!-1!*!/,.+ 1%*#!/0$%0/%*0$!()+*!(!.UCS4//!)(5@+.!2!*0$!()+*.$*!SC[X4//!)(5+.()+**%!*!1%(  0/!@*+03!.!0$!/!-1!*!/.!,.!/!*0%*#0$!+..!0#!*!C
*((/!-1!*!/0$!.!3!.!+"0!*)+.!0$*+*!#++ $%0"+.!$#!*!@/3!((/,+0!*0%(,.(+#1!/C
"*+0$!./!-1!*!"+.#!*!3//!(!0! @%0+1( ,!.$,/!!*),,! 0+ %""!.!*0$.+)+/+)!C!*!/%*0$!/)!#!*!")%(5.!1/1((52!.5/%)%(.@* 0$0 %""!.!*!+1( 1/!0$!#!*!0+!),,! 0+ %""!.!*0$.+)+/+)!!4,!0! C
*+0$!..!/+*"+.3$50$!!4,!0! $+)!+(+#5!03!!*0$!/()+*$.+)+/+)!/* /0%'(!'$.+)+/+)!/ +!/*+0(35/)0$!0$00$!/5*0!*%),.!0! 5%!*!0(CM1)CN +!/*+0*!!//.%(5#%2!+),(!0!,%01.!+"0$!/5*0!*%.!(0%+*/$%,!03!!*0$!/!03+/,!%!/C

7-5- %%%
0%//0%((,+//%(!0$0/!2!.(+"0$!#!*!/0$0+1( *+0!),,! /0%((!4%/0%*0$!0(*0%/()+*#!*+)!C$!.!/+*"+.3$50$!53!.!*+0),,! %/!1/!0$!1..!*0//!)(%!/"+.0(*0%/()+*.!%*+),(!0!C
"3+.'+2!.! 50$%/0$!/%/
Results and Discussion
41
 VT
3/0.%! #%*%*"!35!./3$!*0$!.!%/+),(!0!/()+*#!*+)!.!"!.!*!/!-1!*!2%((!@.!/1(0/3+1( ,.+(5$2!$*#!  .)0%((5C

7-6-  %""&!$!!%!%6!$7$!.!3!.!"+1.#!*!/),,! 0+$.+)+/+)!/T* U@%*(1 %*#+*!#!*!0$03/),,! 0+$.+)+/+)!$+)+(+#+1/0+$.+)+/+)!UC$!#!*!U3/),,! 0+$.+)+/+)!W%*0$!03+D,+%*0*(5/%/* +0$$.+)+/+)!/T* W%*0$!/()+*!(!.UCS4//!)(5C0(*0%/()+*$.+)+/+)!/T-* W,.!$+)+(+#+1/$.+)+/+)!.)/C
*/0%'(!'@0$!UD#!*!%/(+0! +*$.+)+/+)!@+*0%*%*#/5*0!*%/.!#%+*0+$.+)+/+)!/T,* W-%*0(*0%/()+*C$%/#!*!3/),,! 0+0$!,D.)+"$.+)+/+)!T* *+00$!-.)@3$!.!.0%!.%!0(CM.0%!.%!0(CTRRXN(+0! 0$!/!4D !0!.)%*%*#(+%0+!(+0! C	+3!2!.@!1/!+"0$!(+3.!+)%*0%+*,.!/!*0%*0$!)(!$.+)+/+)!@%0%//0%((,+//%(!0$00$!,D.)(/+%/%*2+(2! %*/!4D !0!.)%*0%+*CU%/#!*!0$0%/!4,.!//! %*,.!D!.0+(%!((/+*0$!#!*%0(.% #!+")+1/!00$!0%)!+"/!4D !0!.)%*0%+*M+5!.!0(CTRRVNC.!D!.0+(%!((/.!0$!"%./0!((05,!/0+/$+3/!4/,!%"% %""!.!*0%0%+*M+.5!0(CTRRYNC
D3/),,! 0+$.+)+/+)!U%*0(*0%/()+*10+1( *+0!"+1* %*/0%'(!'C$!D#!*!%/2!./%+*+"0$!@ +1(!/!4@#!*!"+1* %*$+*!5!!C
0!*+ !/"+.$%#$(5+*/!.2! 0.*/.%,0%+*"0+.%*)!06+*/* %/%*2+(2! %*0$!.!#1(0%+*+"0$!!4,.!//%+*+"#!*!/%*2+(2! %*/!41(,$!*+05,!"+.)0%+*M	+ #'%*TRRTNC
0$/"1*0%+*/%*+0$/!4!/A%0*!*+ !!%0$!."+.)(!D+."!)(!D/,!%"%%/+"+.)M'!.<+("*!.S[ZZNC
S3/,(! +*$.+)+/+)!


%*/0%'(!'@/3!((/%*0(*0%/()+*C$%/S/!-1!*!3/,%'! /,+0!*0%(,.(+#1!%*0$!()+*!(!.UCS4//!)(5@10!1/!0$!2!./%+*+"0$!#!*!0$0/$+3! SRR^% !*0%053%0$0$!()+*!(!.UCS4+1( *+0!),,! @%0%/$. 0+'*+33$!0$!.0$!/!-1!*!!%*#),,! %/*S,.(+#1!+.*+0$!.#!*!3%0$$%#$/%)%(.%05+"SC	+3!2!.@0$!"00$00$!#!*!G/),,! (+0%+*+"0$!#!*!%*0(*0%/()+*)0$!/0$!,.! %0! /5*0!*%.!#%+*%*/0%'(!'%* %0!/0$0%0%/0$!,S#!*!+.,.(+#1!0$0%/),,! CS%/#!*!%*2+(2! %*(0!.*0%2!/,(%%*#+"0$!/!4D !0!.)%*%*##!*!%*)&*&' #
Results and Discussion
42
 VU
$#%&*+)@@3$%$%/$%#$(5/%)%(.0+0$!D#!*!),,! 0+$.+)+/+)!U%*0$%/0$!/%/M.%/0%*+!0(CTRRXNC
T3/),,! 0+$.+)+/+)!SV-%*0(*0%/()+*@3$%$%/$+)+(+#+1/0+$.+)+/+)!U,C$!.!"+.!@T+1( /0%((!,+0!*0* % 0!//!4D !0!.)%*%*##!*!%*0(*0%/()+*CT%/#!*!0$0%/%*2+(2! %*"+((%1(. !2!(+,)!*0* +2.5.!#1(0%+*%*2!.0!.0!/* %* %2% 1(/)%//%*#0$%/#!*!3%((,,!.)(!M+""(!.!0(CTRRUNC
$!.!/0+"0$!#!*!/),,! %*0$%/0$!/%/*!.1(! +10//!4D !0!.)%*%*#"0+./%*0(*0%/()+*!1/!0$!5.!*+0(+0! 00$!/!4D !0!.)%*%*#$.+)+/+)!/+.0$!%.$+)+(+#1!/C
Results and Discussion
43
 VV
8- ! '%! 10+"0$!XW#!*!/"+1* %*(%0!.01.!@T[ %""!.!*0#!*!/3!.!/1!//"1((5),,! 0+$.+)+/+)!/%*0(*0%/()+*C$!#!*!/U@D* S)5!* % 0!#!*!/"+./!4D !0!.)%*0%+*%*0(*0%/()+*!1/!0$!5),0+$.+)+/+)!/T+.UC(/+T%//0.+*#* % 0!@/%03/),,! 0+$.+)+/+)!SV-@$.+)+/+)!.)$+)+(+#+1/0+$.+)+/+)!U,C!*!/*+0),,! 0+0$!03+/!4D !0!.)%*%*#$.+)+/+)!/@+.0$!%.$+)+(+#/@.!0+!.1(! +10/* % 0!/"+./!4D !0!.)%*0%+*%*0(*0%/()+*@3$%(!"1.0$!.%*2!/0%#0%+*//$+1( !) !"+.U@D@S* TC

*+. !.0+),)+.!#!*!/0$0,+0!*0%((5.!%*2+(2! %*/!4D !0!.)%*0%+*%*0(*0%/()+*@.!"!.!*!#!*+)!3%0$$%#$+2!.#!%/+"$%#$%),+.0*!M2% /+*!0(CTRSRNC
0%/0$!.!"+.!%),+.0*0*+00+.1(!+10#!*!/0$0+1( *+0!),,! 50$%/0$!/%/+),(!0!(5@!1/!0$!/!+1( /0%((!4%/0%*.!/+"0$!/()+*#!*+)!3%0$(+3+2!.#!C















Conclusion
44
 VW
9- $(&! %
,L/!,%.
L!*0%+.#*
L!#/!/
)#D)%((%#.)
)D)%((%)+(.
*#D**+#.)
*D**+)+(.
.,)L.+1* /,!.)%*10!
`L%.+(%0.!
`D)%.+)!0!.
















Abbreviations
45
 VX
:- $ %("-%$@CC@.1*!((%@CC@.!3@CC<$+.#. @C	CMTRR[NC,,%*#+""%2!* % 0!/!4D !0!.)%*%*#(+%%*.%*+30.+10M*+.$5*$1/)5'%//NC%+ *@SRC((!* +."<$+.#. CMS[ZVNC!0.,(+% 5* 0$!!2+(10%+*+"/()+*% "%/$!/C-&#,+ &%)0%+ *& **BSDVXC.0%!.%@CC@%0$!((@CC@#@C	CC@.%/+00+@CC@*6)**@CC@	+5$!%)@C@$%((%,/@CC@+./$@C@++,@CC<2% /+*@CCMTRRXNC
 !*0%"%0%+*+"0$!/!4D !0!.)%*%*#(+1/+"0(*0%/()+*M()+/(.N+*$.+)+/+)!TC0+&%+ %%&$*)@SSTMSDTNBSWTDSW[C'!.@CC<+("*!.@CCMS[ZZNC
@

		D



	
DC%*2-#&'$%+@TMVNBVYYDVZ[C.+%((!.@CC@P+00@	C<%((*0@CMTRR[NC*2%.+*)!*0(""!0/+*%/$!4!0!.)%*0%+** %""!.!*0%0%+*C/,#-#&'$%+@UMTDUNBSSZDSUWC06+#(+1@C@""!@CC@0*(!5@C@10(!.@C@*!..!@C@1!(%@C@!.#!.@C@!/%.+2@CC<* !.@CCMTRRTNC	B3$+(!D#!*+)!/$+0#1*//!)(!.C%&$*)@STMSNBSYYDSZ[C!5!@C@	//!()**@C@+* .'@CC@#!@CC<)$+(0@CCMTRRUNC$!#!*!/ %/0$!,.%).5/%#*("+./!41( !2!(+,)!*0%*0$!$+*!5!!* !*+ !/*D05,!,.+0!%*C##@SSVMVNBVS[DVT[C%((. @C@%$. @C<+)10/@CMS[ZTNC
	







D	


	
C)&)** - *6,#+,) *+@VVMSNBSWDSZC+!@C@$!@C@#15!*@C@%)!@	C@%66%*+@C@+/0%!.@C<1%#1!*@CMTRRZNC
 !*0%"%0%+*+"*+2!(!4	+.)+*!%* %*#(+1(%*M	N%*0$!.%*+30.+10M*+.$5*$5/)5'%//N+2.5C0 ,$@UTMTNBSWSDSWTC+!@C@1%#1!*@C<+/0%!.@CMTRSRNC%2!./%05* %+(+#%(/%#*%"%*!+"/!4$+.)+*!D%* %*##(+1(%*%*"%/$@*!2+(10%+*.5,!./,!0%2!C&#,#)%##,#)%&) %&#&0@USXMSNBXXDYZC+3(!/@C@$!,!./@C<++,)*@CMTRRRNC$5(+#!*5+"0$!")%(5+" !2!(+,)!*0(0.*/.%,0%+*"0+.//! +*/!-1!*!* /0.101.(%* %0+./C-#&'$%+# &#&0@TTYMTNBTU[DTWWC+5!.@C@1//%!.@CC@%*(%.@C	C@(%2!@CC<%(2!./% !/@CCMTRRVNC.!D!.0+(%/,!%"%#!*!!4,.!//%+*,.+"%(%*#.!2!(/ %""!.!*0%(!4,.!//%+*+",0S* . U#!*!/3%0$%*0$!)+1/!#!*%0(.% #!00$!0%)!+"/!4 !0!.)%*0%+*C &#&0&')&,+ &%@YSMUNBZTRDZTYC.+3*@CCMTRRXNC%&$*6 ) + &$B.(* %!*!C+.5@CC@+5!.@C@%(+*@C@1//%!.@CC<%(2!./% !/@CCMTRRYNC.!/1),0%2!,.!D!.0+(%!((/!4,.!//#!*!/%*2+(2! %*!((,.+(%"!.0%+** !((/%#*((%*# 1.%*#.%0%(3%* +3%*!.(50!/0%/ %""!.!*0%0%+*C&#,#)')&,+ &%%-#&'$%+@YVMSTNBSV[SDSWRVC.%/0%*+@CC@ +/%)!*0+@CC@+/0@CC<%)+!/@CCCMTRRXNC+),.0%2!*(5/%/+"$%#$(5+*/!.2! /!4D !0!.)%*%*##!*!/!03!!*,%/)!((%"!.* .+/+,$%()!(*+#/0!.C%+ *%&#,#)*)@WMSNBSWVDSXZC*6)**@CC@2% /+*@CC@!.#1/+*@CC@$.%@C@++,@CC@	+5$!%)@C@%!*@C@1%!*%!'%@CC@+#$ )@	CC@.'/@C@!0(CMTRRZNC%/0.%10%+*+"
References
46
 VY
*!/0.(,.+0+D0%*+,0!.5#%*$.+)+/+)!.)/3%0$%*0$!#!*+)!+"VD !.%20%2!/()+*% "%/$!/M%*+30.+10* 0(*0%/()+*NC%&$ *@[C2% /+*@CC@	1*#@CC@1&%'%@C@2+*$(1.#@CC<++,@CCMTRR[NC$!!4!0!.)%*%*#+%* !4$.+)+/+)!/%*0$!)%(5()+*% !C/,#-#&'$%+@UMTDUNBYZDZYC2% /+*@CC@++,@CC@+*!/@CCC@
01..@C@% (@C@//@C@+*//!*@
C@%!*@C<)$+(0@CCMTRSRNC!-1!*%*#0$!#!*+)!+"0$!0(*0%/()+*M()+/(.NC%&$ &#&0@SSM[NC!/&. %*/@CC<!.*( @CCMTRR[NC%/$/!4B3$5/+ %2!./!E,))%+' % &% %,)& &#&0@S[MXNBXVZDXWUC!2(%*@C	C<#$)@CMTRRTNC!4 !0!.)%*0%+** /!4 %""!.!*0%0%+*%*"%/$B*+2!.2%!3+"#!*!0%@,$5/%+(+#%(@* !*2%.+*)!*0(%*"(1!*!/C(,,#+,)@TRZMUDVNBS[SDUXVC'/,+.0102(#!0"+."%/'CMTRSSNC$00,BJJ333C/!"++ C*+J%*.5E% _SUZYV[C+.!@C@5*$@C@%'!00@CC@)+.!/@C@*@CC<+/0(!0$3%0@CMS[[[NC.!/!.20%+*+" 1,(%0!#!*!/5+),(!)!*0.5@ !#!*!.0%2!)100%+*/C%+ *@SWSMVNBSWUSDSWVWC1&%3.@C@+)%5@C@30@	C@0+@C@1&%)+0+@	C@1.1/3@C<+!@CMS[[VNC

D

	
		
D




D
C)& %*&++ &%#$0& %*&+% +++*&$) @[SMTWNBSTTWZDSTTXTC1' @C@*'@C@
35@C@'&%)@C<#$)@CMS[[WNC	





	
	@M
D
NC-#&'$%+)&.+2 )%+ + &%@UYMVNBUY[DUZWC%(!5@C@!./,++.@C@5@C<	+1(%$*@CMTRRVNC)%.+/0!((%0!(%*'#!),"+.0(*0%/()+*M()+/(.NC% $#%+ *@UWMTNB[ZDSRWC.2!/@CCCMS[[ZNC
*0!.0%+*/!03!!** #!*!/%*)))(%*/!4 !0!.)%*0%+*C &**0*@TRMUNBTXVDTX[C.!!*@CC@.++'/CMS[[RNC+1)!*00%+*"+.
D@2!./%+*TCVC* %+&%% -)* +0&&#&  %3+5&, *3 **&,) C.%))+* @C@*	0!.!*@C@%##!./@C@.'!((@C@. !.@C@+.!/@CC@+*( +@CC@)%0$@C@5)+3/'D(**!@C@!((/@C@!0(CMTRRRNC!41((5 %)+.,$%!4,.!//%+*+",.+0!/!*!4%*DS* 2*%*DS%*0$! !2!(+,%*#)+1/!#+* ,.%+.0++2!.0 %""!.!*0%0%+*/1##!/0/.+(!%*)))(%*/!41( !2!(+,)!*0C	,$%&#,#)%+ *@[MSRNBSWWUDSWXRC15@C@+((%#*+*@C@++,)*@C@,!(@C@+*+)+1@C@1*/0!.!.#@C@%2%*@C@++ "!((+3@C<+2!(( #!@CMS[[RNCD
	D


	D	


C+,)@UVXMXTZSNBTVWDTWRC1%#1!*@C@+/0%!.@C@%"!..!.@C<$*#@CCMTRSRNC2.%*.+)0/!* !/0.+#!*/B,%2+0(.+(!"+.#+* (/!4 %""!.!*0%0%+** /!4$*#!%*"%/$C%)#%&$')+ -%&) %&#&0@SXWMUNBUWTDUXXC	(!@CC@'/+*@CC<!++ 5@CCMTRSRNC%/+2!.5* !2(10%+*+"* % 0!/!4D !0!.)%*%*##!*!/* 4!*+%+0%/%*0$!#+* /+"('!/01.#!+*M%,!*/!."1(2!/!*/NC%+ @SUZMYNBYVWDYWXC
References
47
 VZ
	//!()**@C@!),!@C@$%+00@C@1*!/D%(2@CC@00!@C<!5!@CMTRRZNC2% !*!"+.0$!!2+(10%+*.5*/!*!+"*+2!(/!4 !0!.)%*0%+*,0$35%*$+*!5!!/C+,)@VWVMYTRUNBWS[DYC	3'%*/@CCMS[[VNC

C	,$%&#,#)%+ *@UBSVXUDSVXYC	+ #'%*@CMTRRTNC$!.!).'(!1%-1%05+" +)%*"0+.//.!#1(0+./+"/!41(,$!*+05,!B*!/0.5+.,0%01 !E%*2-#&'$%+@SXMSZNBTUTTDTUTXC	+/$%*+@C@+% !@C@*+@C</1#%@CMTRRWNC!4D/,!%"%* (!"0D.%#$0/5))!0.%!4,.!//%+*,00!.*+"),Y%*0$!#+* +"*+.)(* /!4D.!2!./! $%'!*!).5+/C-#&'$%+)&.+2 )%+ + &%@VYMTNBXWDYVC

O!O"O*+3(! #!CMTRSRNC++'477''*5 * "%&.#5&$C
O!*+)!O+.0(CMTRSSNC$00,BJJ#!*+)!C&#%D,/"C+.#J$!(,J/""+( /C$0)(C+$*/0+*!@C@%),/+*@C	C@+1*#/+*@CC<$%0!$! @CMS[Y[NC

CTCD
DC(,,#+,)@SZMSNBSUDS[C/01.%@C@*!00%@C@//***0!@C@1 *@C@1((!.@C<1+0%@CMTRSRNC$!C!(!#*//!4 !0!.)%*0%+*,.+0!%*DU"1*0%+*/%*)!%+/%/* %* /0+0$!+D.!,.!//+.
DSC-#&'$%+# &#&0@UVVMTNBW[UDXRTC!3%*@CMTRRXNC**%+ #%*B!./+* 10%+*@
*C%!*@C@% /'!$1#@C@	5!/@C@+!*@C@2% /+*@CC@)$+(0@C<!*0@CM1)NC !*/!D/! (%*'#!),"+.0(*0%/()+*M/()+/(.N.!2!(/!40!* ! $.+)+/+)!$+)!+(+#%!/* /0.%'%*# %""!.!*!/%*/!4D/,!%"%.!+)%*0%+*,00!.*/C%&$ &#&0C+""(!.@CC@.'+3!.@C<++,)*@CMTRRUNC0%+(+#5+"+2.%*"%(1.!%*(!,$.+,$%)+/%/,0+/%/!,%*0$1/%*2!./1//5* .+)!BT%/+*/!.2! @!.(5D0%*##!*!%*2!.0!.0!+2.%* !2!(+,)!*0C%&) %&#&0@SVVMYNBUTUYDUTVUC*+('+1@C@2.*+/@C<*#!(+,+1(+1@CMTRRXNC+(!1(.,00!.*/+"/!4 !0!.)%*0%+*%*0$!*%)('%*# +)B+),.0%2!/01 5+"0$!%+(+#5+".!,.+ 10%+*C')&,+ - &#&0%%&) %&#&0@VC.%*@
C<'!.@CCMS[[ZNC$!!2+(10%+*.5 5*)%/+"/!4 !0!.)%*0%+*C %@TZSMWUZWNBS[[RDS[[VC0/1 @C@#$)@C@$%*+)%5@C@0+@C@0/1 @C@+5/$%@C@+..!5@CC@$%0@C@/'3@C@$%)%61@C@!0(CMTRRTNC%/D/,!%"%D +)%*#!*!.!-1%.! "+.)(! !2!(+,)!*0%*0$!)! '"%/$C+,)@VSYMXZZZNBWW[DWXUC%5)+0+@C@*%#1$%@	C@	)!(@C@%(2!./% !/@CC<%#!.@CCMTRRZNCVJS++,!.0%+*.!#1(0!/0.*/.%,0%+*+"#!*!/.!-1%.! "+.)))(%*/!4 !0!.)%*0%+**  %""!.!*0%0%+*C$&#,#) &#&0@[C+!*@C@	5!/@C@.*/'%@C@!.#@CC@&+#(1)@C@++,@CC@2% /+*@CC@)$+(0@CC<%!*@CMTRRZNC(%*'#!),+"0$!0(*0%/()+*M()+/(.N/! +*D !.%2! ).'!./C$%&$ *@[C#$)@C@#3@	C<+1*#@CMS[ZTNC

C% %&,)%#& *) *%(,+  %*@U[MSNBWXDXVC')1.@C@+5/$%@C@$*#@CC<#$)@CMS[[ZNC+* (/!4 %""!.!*0%0%+*%*0!(!+/0"%/$C&,)%#&/') $%+#&&#&0@TZSMWNBUXTDUYTC
References
48
 V[
')1.@CMTRSRNC$!!$*%/)+"!4!0!.)%*0%+*%*!.0!.0!/D.!!40!.+% /0$!!5D0+.E&,)%#&/') $%+#&&#&0)+6&#& #%+ *%0* &#&0@USUMYNBUZSDU[ZC* @
C@+* +@C@	+.*1*#@C@/'3@C@%*'(!.@C@$%)%61@C@$*@C	C@	"@C@$%)%61@C@$%)@C@!0(CMTRRTNC 1,(%0! +,5+"S%*0$!/!4D !0!.)%*%*#.!#%+*+"0$!$.+)+/+)!+"0$!)! '@.56%/(0%,!/C)& %*&++ &%#$0& %*&+% +++*&$) @[[MSZNBSSYYZDSSYZUC
CMTRSSNC$00,BJJ333C*%C*()C*%$C#+2JC%(//+*@CC<(+1 @CCMS[[TNC
D	





C)& %*&++ &%#$0& %*&+% +++*&$) @Z[MTRNB[VTWD[VTZC!0$@C@!1(%!1@C@.'@C@+/)*@C@ !(%/0.+@C@2* !*++)@C<1.%*'!@CMTRRWNC%(!4//5A
*.!/! ,(!4%*#!""%%!*5* "(!4%%(%05"+.///5/0!)0$.+1#$/%*#(!/!,.%)!.!40!*/%+*3%0$)//D)+ %"%! 0!.)%*0+./C(,%&$C$*+@C@+("@C<0'%*@CCMS[XZNC2+(10%+*".+)"%/$0+)))(/5#!*! 1,(%0%+*C	) +*@W[BSX[DSZYC/$%)@C@+#1$%@C<')1.@CMTRRYNC4,.!//%+*+"$4[
/+"+.)/%*0$! !2!(+,%*##+* /+"*.1#+/C&&#& # %@TVMZNBY[ZDZRTC$%((%,/@CC@!0(!5@CC@+./$@CC@!*01.@CC@1%!*%!'%@CC@++,@CC@*6)**@CC<2% /+*@CCMTRR[NC//%#*)!*0+"0(*0%/()+*M()+/(.N(%*'#!#.+1,/0+/,!%"%$.+)+/+)!/B+*/!.20%+*+"(.#!/5*0!*%(+'/+..!/,+* %*#0+3$+(!$.+)+/+)!.)/%*.%*+30.+10M*+.$5*$1/)5'%//NC%+ *@SRC1! O!*0.(CMTRSRNC$00,BJJ333C*%C*()C*%$C#+2J,)JC1.2!/@CC@.%*/	@	!((!.	CMTRRVNC 4* %& &#&0@2+(CSB%*1!.//+%0!/C1.2!/@CC@ 2@C@	!((!.@	CC<.%*/@C	CMTRRVNC 4* %& &#&0@2+(CSB%*1!.//+%0!/C!,!0/'!.CMTRRUNC$00,BJJ333C.!,!0)/'!.C+.#JC+ .%#1!6D.%@C@*!/0.+@C@.!%((!.@CC@#15!*D+$*/+*@C@/'3@C@3')%@C<+/0(!0$3%0@C	CMTRSRNC!4!2!./(%*!."%/$"*(10*0/
/1/! 5,WUD! %0! !.)!((,+,0+/%/C#&*%+ *@XMYNC* .@CC<+.)@CCMTRSRNC!41( !0!.)%*0%+**  %""!.!*0%0%+*%*0!(!+/0"%/$C- .* % * &#&0% *) *@TRMSNBSRSDSTSC$.0(@CMTRRVNC+),.0%2!2%!3+*/!4 !0!.)%*0%+*%*)! 'C% *$*&-#&'$%+@STSMYDZNBXU[DXVWC$1(0$!%/@C@+$*!@C@$.0(@C@+(""@CC<(%*D.*+14@CMTRR[NC!4!0!.)%*0%+*%2!./%05* !4$.+)+/+)!2+(10%+*%*+!%(%% %/$C/,#-#&'$%+@UMTDUNBXZDYYC$%0@C@1(D./*0$@C@161'%@C@/)%@C@')+0+@C@0/1 @C<#$)@CMTRSRNC4,.!//%+*+"#+* (/+) !.%2! "0+.MN%//,0%((5* 0!),+.((5+..!(0! 3%0$!.(50!/0%1(. %""!.!*0%0%+*%*)! 'C%/')** &%++)%*@SRMXNBTZUDTZ[C$%.'@C@!.+1//%@C@**%@C@	+3!@CC@+)+'$+2/'5@C@%(!.)*@C@+$!.@CC@	1(0@C<+*@CMTRRXNC)$* ).0T#!*!/),0+0%(,%M.!+$.+)%//,,CN(%*'#!#.+1,TU3%0$%*-1*0%00%2!0.%0(+1/.!#%+*/"+./!4 !0!.)%*0%+*C%+ *@SYVMUNBSWYUDSWZSC
References
49
 WR
)%0$@C@*	0!.!*@C@%((*@C@+)!.+@C@(*+@C@%##!./@C@(/$@C@*!.&!!@C@!**5@C@+*0%*#@C@!0(CMTRRUNC* % 0!0!/0%/D !0!.)%*%*##!*!@!/0.+M.+N@!*+ !/*+2!(	.!,!0,.+0!%*C-#&'$%+#0%$ *@TTYMVNBXRRDXRYC0!('!*/@CC<! !'%* @CMTRSRNC*2%.+*)!*0(/!4.!2!./(@.+&*/!4#!*!/@* /!4.0%+ &1/0)!*0B+* %0%+*/* ,+,1(0%+*+*/!-1!*!/C&#,#)&#&0@S[MVNBXTYDXVXC60'+3/'@C@5$@C<1(%#@	CMTRRUNC!4 !0!.)%*0%+*%*)))(/C00%+)0%)0!%@W[MSRNBZVYDZWTCO!*+)!.+3/!.CMTRRXNC$00,BJJ#!*+)!C1/C! 1JC!*+)!.+3/!.CMTRRXNC$00,BJJ#!*+)!C1/C! 1JC!.$1(/0@CC@2* !* !@C<!1'!++)@CCMTRSRNC
*/!0/!4 !0!.)%*0%+*B%0((!2+(2!/.+1* 0.*/"+.)!.C,))%+' % &% %%+ *2-#&'$%+@TRMVNBUYXDUZUC2+*$(1.#@CC@/1%'!@C@63@C@ !+!.@CC@!% @C@+@C@+@C@+* !1@CC@$%((%,/@CC@2% /+*@CC@!0(CMTRSSNC!#1(0%+** !4,.!//%+*+"/!41( %""!.!*0%0%+*"0+./%*!).5+*%* !40.#+* (0%//1!/+"0(*0%/()+*C$%&$ *@STC*#@CC@$@CC@	!@CC@%*#@C	C<%@CCMTRSRNC+(!1(.(+*%*#* !4,.!//%+**(5/%/+").,S@0$!+)54)+.%$+)+(+#1!+"0$!.+/+,$%(#!*!.,SC&#,#) &#&0'&)+*@UYMWNBTWTWDTWUSC! !'%* @CMTRR[NC'(%*#0$! %2!./%05+"/!4 !0!.)%*0%+*C &#5++5@XBYD[C!%@C<$+3( @CCMS[[VNC	
D


C%%,#- .&%+ *@TZBUR[DUTVC%'%,! %CMTRSSNC++'477%5. " ' 5&)7. " 7+) #8)+   #8)&$&*&$C*+@C@%+(@C@1!.%*@C<1%#1!*@CMTRSSNC$!1,(%0! %*+3.+10M*+.$5*$1/)5'%//ND+4.*/.%,0%+*0+./S@04S* 04S@.!,D!#1(0! 1.%*#!/0%1(.!2!(+,)!*0C&#,#)')&,+ &%%-#&'$%+@YZMUNBSYTDSZRC*%*@C@-1!(!0@C@$!'!(@C@%+/'@C<+00@CMTRSRNCDS,.+)+0!/++#!*!/%/5.!,.!//%*#"!)DU%*0$!C!(!#*/#!.)(%*!C&,)%#&## %@STUMSXNBTYSYDTYTVC$*#@C@$3.06@C@#*!.@C<%((!.@CMTRRRNC#.!! 5(#+.%0$)"+.(%#*%*#/!-1!*!/C&,)%#&&$',++ &%# &#&0@YMSDTNBTRUDTSVC$+1@C@%@C@1@	C@$!*@	C@1+@CC@$!*#@	C	C<$+1@CCMTRRZNC%/$/,!%"% 1,(%0%+*+").0TB$.0!.%60%+*+"6!."%/$).0TC & $ @[RMXNBZYZDZZYC




References
50
 WS
;- "" *
;-5- "" *	
;-5-5- %%+% //..5//5!/%#*!./+"03.!3/1/! 0+)'!0$!%(!4//5/C$!*0$!//5/3!.! !/%#*! @,.%)!./"+.0$!/!//5/3!.!+. !.! C,.%)!.%//$+.0+(%#+*1(!+0% !0$0%/00$! 0+/%*#(!/0.* ! )+(!1(!C$%/3%((,.+2% !/0.0%*#,+%*0"+./0.* /5*0$!/%/@"+.!4),(!C

;-5-6- %!&! ".+)UZR0(*0%/()+*%* %2% 1(/".+) %""!.!*0")%(%!/3/,.!2%+1/(5%/+(0! * 1/! %*0$%/0$!/%/C

;-5-7- !+$% &! /0%/)!0$+ 0$0#%2!/*!4,+*!*0%(),(%"%0%+*+"/!(!0! .!#%+*+"0$!C
$!,.%)!./0$0+*0%*/!-1!*!/)0$%*#0$!0.#!0.!#%+** ,+(5)!./!!*(!/!(!0%2!* .!,!0! ),(%"%0%+*C$!#!*!.0! 3%((#%*!1/! 0!),(0!"+..!,(%0%+*@/+)!0$%*#0$03%((#%2!*!4,+*!*0%(),(%"%0%+*C
+,!."+.)0$!.!0%+*@0$!%0!)/(%/0! %*0(!T3!.!+)%*! C







Appendix
51
 WT
(!TB)%4C
#) $##=C $!*"49')$#5 $!*"4;@<')$#(5*+,1.!	TR  SCZWR` ZZZ`1""!.3%0$#(TMSR4N SCTW4 RCXTW` URR`
#(TMTW)N SCXTW) RCUTW` SWX` )%4MTW)N WRR` RCSRR` VZ`
.%)!.)%4MWRR*)!$N SRR* SCRRR` VZR`
!*+)%MWLSR*#J`N WLSR*#J.!0%+* SCRRR` VZR`
	+0/0.-QMWJ`N RCWJ.!0%+* RCSRR` VZ`
+0(  WCRRR` TVRR`
$!/),(!/3!.!0$!*)%4! * 0$!.!0%+*3/5(! %*0$!.)+/5(!.%*0$!"+((+3%*#35B

 D[VR"+.SW)%*10!/
 D[VR"+.TR/!+* /
 DWXR"+.UR/!+* / VW5(!/
 DYTR"+.S)%*10! 
 DYTR"+.U)%*10!/
 DVR"+.!2!.

;-5-8- $& &"0!*@!4!// 0$0.!)%*/"0!.%*0!."!.!3%0$!*65)0%.!0%+*/%*2+(2%*#/5*0$!/%/C$.%),('(%*!$+/,$0/!MN%/1/! 0+ !,$+/,$+.5(0!1*%*+.,+.0!  /C
0.!0)!*03/,!."+.)! 5+)%*%*#0$!%0!)//$+3*%*0(!UC
Appendix
52
 WU
(!UC)%4
#) $!*"49')$#5 $!*"4;@<')$#(5
*+,1.!	T SCWUR` YUVCV`SR41""!. RCSYR` ZSCX`
!*65)!MSJ`N RCURR` SVVCR`
+0( TCRRR` [XRCR`
T`(+"0$!)%43/  ! 0+W`(+".!0%+*"+.((/),(!/@3$%$3!.!0$!*#!*0(52+.0!4! C$!0.!0! .!0%+*3/0$!*%*10! /"+((+3/B
 
DUYR"+.TR)%*10!/
 DZWR"+.W)%*10!/
 DVR"+.!2!.

;-5-9- *$&! $!%0!)//$+3! %*0(!V3!.!+)%*! 0+,!."+.)0$!%(!4,.%)!.!40!*/%+*C
(!VC%(!4)%4
#) $#1
#AC $!*"49')$#5 $!*"4;@<')$#(5*+,1.!	T  RCYWW` UXTCVR`%(!41""!.MSR4N RCTTT4 RCTRR` [XCRR`
%(!40!.)%*0%+*)%4 S4 RCTRR` [XCRR`
.%)!.)%4MY`BSV`N RCXTW`BSCTW` RCZRV` UZWC[T`
%(!4!*65)! S4 RCRVS` S[CXZ`
+0(  TCRRR` [XRCRR`
$!%(!4.!0%+*3/#!*0(52+.0!4! * 5(! 51/%*#03+D/0!,TRR/$+.05(!/,.+#.)%*0$!.)+5(!./"+((+3/B


Appendix
53
 WV
 D[VR"+.UR/!+* /
 D[VR"+.W/!+* /   
 DWTR"+.W/!+* /  W5(!/ VR5(!/
 DZRR"+.W/!+* /  
 DYTR"+.U)%*10!/
 DVR"+.!2!.

;-5-:- $$% $!%(!4.!0%+**!! /0+! !/(0! 0++,0%)%6!)///,!0.+)!0.%*(5/%/C$!/),(!/3!.! %(10! 3%0$TW`(+"30!.* X)#+".!/%** !*0.%"1#! 0VRRR.,)0+#!00$!.!/%*,'! %*0+0$!+00+)+"0$!3!((C

;-5-;- 
	. +%%**+ %/,!*/!.3/1/! 0+ %/,!*/!0$!.!0%+*,.+ 10/+*0+,!0.+	
Q%+..5+*0%*%*#UZV!(!)!*0/C$!%(!4,!0.+	
3!.!*(56! 5
DC
0.%4D//%/0! (/!. !/+.,0%+*%+*%60%+*0%)!D+"D"(%#$0)///,!0.+)!0!.@
D@%/05,!+")///,!0.+*+)51/! %*,.+0!+)%/C!,0% !/.!%+*%6! 5,1(/!+"!*!.#5".+)(/!.* !(!.0!  +3*0$!+(1)*%*0$!)///,!0.+)!0!.0+0$!.!"(!0+.* 0$!*+*0+0$! !0!0+.C$!0%)!D+"D"(%#$0%/)!/1.! "+.0$!,!,0% !@* %/ !,!* *01,+*0$!,!,0% !G/)//D0+D$.#!.0%+C
//..5+.'/00%+*3/1/! 0+,.+!//* *(56!0$!%(!4,!0.+	
%+..5/C




Appendix
54
 WW
;-6- "" *		
2!.2%!3+"* % 0!#!*!/"+1* %*(%0!.01.!/!.$@(+*#3%0$!//%+**1)!.* $.+)+/+)!,+/%0%+*%*0$!/0%'(!'#!*+)!C
# *!!#" *#)$# '# (($##*"' ) ! %$()$#
( $US ( !$5 ! !$5 .+#!*/!U")%(5@)!)!.S
!*!+2!.D!4,.!//! %* !2!(+,%*#0!/0%/+),.! 3%0$+2.5
M+5!.!0(CTRRVN RVWZVV $.
BSZUXYTVSDSZUYTXU[
)D /4 /4 +1(!/!4 +*/!.2! /!4D/,!%"%0.*/.%,0%+*"0+.@$+*!5!!
M	//!()**!0(CTRRZA! !'%* TRR[N ORRTRWXWXTCS

)$ *0%D1((!.%*$+.)+*! 
),+.0*0#!*!%*/!4D !0!.)%*%*#,0$35%*)))(/
M("-%$!0(CTRR[A$%.'!0(CTRRXN YYUTVS $.


BSW[ZYS[VDSW[ZYWWT
),X +*!)+.,$+#!*!0%,.+0!%*X  M	+/$%*+!0(CTRRWN SXWTST $.
BUZUSXRRDUZXTVW[. U .+)+ +)%*+*0%*%*#U 4,.!//! 00$!#!*%0(.% #!00%)!+"/!4 !0!.)%*0%+*%*)+1/!
M+5!.!0(CTRRVN SU[ZXU $.BSWVTWT[WDSWVTZWVY
/  +),(!)!*0.5/!4 !0!.)%*!. +),(!)!*0.5/!4D !0!.)%*%*##!*!%*$+*!5!!
M!5!!0(CTRRUA! !'%* TRR[N WX[YTSCS 
5,S[ 50+$.+)!VWR@")%(5S[@/1")%(5 +* (.+)0/! M1%#1!*!0(CTRSRN YYUTVT $.

BSZRU[[WUDSZRVS[XU4S .,$**1(!..!!,0+. 4S !*!+")))(%*,0$35C!/0! "+.(%*'#!0+$.+)+/+)!%*.%*+30.+10C
M("-%$!0(CTRR[A2+*$(1.#!0(CTRSSN TWUWSU $.
BX[URRXTDX[USWSX
4T .,$**1(!..!!,0+. 4T //+%0! 0+0$!/!4 !0!.)%*%*#,.+!//%*2!.0!.0!/
M2% /+*!0(CTRR[A2+*$(1.#!0(CTRSSN TX[VVS $.
BX[URYZRDX[USTRV
).0S  +1(!/!4* )DU.!(0! 0.*/.%,0%+*"0+.S
4,.!//!/%*0$!!).5+*%#+* %*2!.0!.0!/
M0/1 !0(CTRRTA* !0(CTRRTN TR[R[W $.


BS[TXRZXWDS[TXZXVS).0T +1(!/!4* )DU.!(0! 0.*/.%,0%+*"0+.T

*2+(2! %*.!#1(0%*#/!41( !2!(+,)!*0%*2!.0!.0!/
M$+1!0(CTRRZN URYRXX $.


BYT[TRYVDYT[VVS[
).0U  +1(!/!4* )DU.!(0! 0.*/.%,0%+*"0+.U
4,.!//! %*0$!!).5+*%#+* %*2!.0!.0!/
M$+1!0(CTRRZN XTSRZU $.


BS[TVTXUWDS[TVWTSU ,.+0!%* !4 !0!.)%*%*##!*!%*0$!)! ' M0/1 !0(CTRRTN SSSUWZ $.


BS[TWSWSVDS[TXZXZX*( *+*%*!)%@+),(!)!*00%+*#.+1,
4,.!//! %* !2!(+,%*##!.)!((/%*%,+0!*0%(#+* /00$!.%0%(0%)!+"/!41("0! !0!.)%*0%+*
M+ .%#1!6D.%!0(CTRSRN RWWWR[ 
!)
!)%*%6!. !)%*%6!.#!*!%*$+*!5!! M! !'%* TRR[NM	//!()**@TRRZN SRSUZZCS 
Appendix
55
 WX
#"[ %.+(/0#.+30$"0+.[ (%D0%20%*#"0+. M')1.TRSRN R[[ZYT $.
BSS[XXTZRDSS[YRUSW+4(T +.'$! +4T +((%1(. !2!(+,)C* +2.5"1*0C M.+%((!.@TRR[AM+""(!.!0(CTRRUN TWTRWW $.
BSZSSXU[DSZSTWWX.1 .1%0(!// !0!.)%*!.+")(!/!41(!$2%+.%*%*/!0/
M!.$1(/0!0(CTRSRN RVYYRV 
06DS 1/$%0.61"0+.S !#1(0+.+"/!4/0!.+% ,.+ 10%+* M*+('+1!0(CTRRXNM	+"/0!*TRRWA.+2!(@TRRVN
ZY[USU $.


BYUTUUSDYVWRYU0V %* %*#,.+0!%*V !#1(0!0.*/.%,0%+*+"#!*!/.!-1%.! +")))(%*/!4 !0!.)%*0%+**  !2!(+,)!*0
M2% /+*!0(CTRR[A%5)+0+!0(CTRRZN 	VYWSWT $.


BSRSYZ[VUDSRSY[V[Y
/ " +* (/+)0%!(( !.%2! "0+. 
*2+(2! %*!.(50!/0%1(. %""!.!*0%0%+*%*)! '
M$%0!0(CTRSRN VZ[TZYCS $.
BUWYWVZWDUWYYVYR

#"S 
*/1(%*D(%'!#.+30$"0+.S 
*/1(%*D(%'!D#.+30$D"0+.@0%(,% M.+%((!.@TRR[A!.%/$2%(%@TRRXN VUTZWT $.
BUTR[ZTWRDUTSRZTT[.,S .%+*1(!+,.+0!%* +)%*")%(5@)!)!.S
!#1(0+.+"/!4 !0!.)%*0%+*%*C!(!#*/
M*%*!0(CTRSRN YZ[URV $.BYS[WRWDYTSURU$4[ 
$+)!++4[ 4,.!//! %* !2!(+,%*##+* / M')1.TRSRA/$%)!0(CTRRYN WUVXVY $.


BZ[XRTX[DZ[XWYTR
S 
D$+)!+ +)%*,.+0!%* !*!0%!(!)!*0%*2+(2! %*/!4%*)))(/
M60'+3/'!0(CTRRUN UYZRT $.
BS[RWSZY[DS[RWZYZW!,S !,.%*S !!//.5"+.++50!,.+ 10%+** /+)0% %""!.!*0%0%+*
M/01.%!0(CTRSRN RZWXXX $.


B[SZRRWD[TSXWT
%/ST 
'%*!0+$+.!+),(!4+),+*!*0 *0%D;((!.%*$+.)+*! M* .<+.)TRSRN RWXUVW $.

BSUWZRZRYDSUWZTSSV.+ !/0.+ * % 0!0!/0%/D !0!.)%*%*##!*!%*)+1/!
M)%0$!0(CTRRUN ORTYYVSCT 
,0S ()%0+5(D,.+0!%*0$%+!/0!./!S 4,.!//! 00$!#!*%0(.% #!00%)!+"/!4 !0!.)%*0%+*%*)+1/!
M+5!.!0(CTRRVN RTX[SS $.BTXSVRVXDTXSZVXX
,S D%* %*#,.+0!%*S 
*2+(2! %*(0!.*0%2!/,(%%*#+"0$!,.!D)+".+/+,$%(/!4D !0!.)%*%*##!*! /4C
M*#!0(CTRSRN RTYWT[ $.


BZRYSTRWDZRYUZRR
/,+S D/,+* %*$+)+(+# !*!%*2+(2! %*0$!2!.0!.0!/!4D !0!.)%*0%+*/ !
M	(!!0(CTRSRN RYW[RY $.BSYTTUYRZDSYTTZSU[
"S ,(%%*#"0+.S 0!.+% +#!*%"0+.C(5/.+(!%*0.*/.%,0%+*(.!#1(0%+*+".+)0/!
M2% /+*!0(CTRR[A2+*$(1.#!0(CTRSSN SXU[UZ 
$# !4$+.)+*!D%* %*##(+1(%*!0"+.) 0.+*#(5!4,.!//! %*+2.5%*.%*+30.+10
M+!!0(CTRRZA+!!0(CTRSRN WYYTX[CS $.

BYYSTXUTDYYSUVZW+4RS
D+4+*0%*%*##!*!S 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN TVTUTY $.
BYSRY[VYDYSR[UTU
Appendix
56
 WY
+4RT D+4+*0%*%*##!*!T 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN TVTUT[ $.


BXSWYWZZDXSW[WSW+4RU D+4+*0%*%*##!*!U 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN R[TZVW $.
BWYZXUTXDWYZY[XZ+4RV D+4+*0%*%*##!*!V 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN RW[SWV $.BYTXUYUWDYTXYSU[+4RW D+4+*0%*%*##!*!W 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN WYYVZV $.
BYZV[[WYDYZ[WYZY+4RX D+4+*0%*%*##!*!X 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN WUTTRW $.

B[WV[SRXD[XTTWYX+4RY D+4+*0%*%*##!*!Y 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN RYSZYW $.
BTT[S[TZTDTUSVXTWT+4RZ D+4+*0%*%*##!*!Z 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN TTT[YR $.
B[WXSYUVD[WXUTZZ+4R[ D+4+*0%*%*##!*![ 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN RTY[VT $.
B[X[RXRYD[X[TXXY+4SR D+4+*0%*%*##!*!SR 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN SXUZXZ $.
BZVRZWSDSSU[WYX+4SS D+4+*0%*%*##!*!SS 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN RW[WTW $.BXXR[UX[DXXSSWXU+4ST D+4+*0%*%*##!*!ST 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN RTZRXZ $.
BYSRYUZUDYSR[UST+4SU D+4+*0%*%*##!*!SU 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN Z[WW[X $.

BSSTUTRXTDSSTVUZWV+4SV D+4+*0%*%*##!*!SV 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN SRZRUU $.


BURRTSZTDURRUYWX+4SW D+4+*0%*%*##!*!SW 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN SS[RXY $.

BSRUWYTTTDSRUWYVY[+4SX D+4+*0%*%*##!*!SX 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN T[RZV $.
BTT[[WYVSDTT[[WZ[[+4SY D+4+*0%*%*##!*!SY 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN RTX[W[ $.


BSRZTXZWRDSRZT[[SZ+4SZ D+4+*0%*%*##!*!SZ 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN Z[WW[[ $.

BSUUYUTWUDSUUYXXWX+4S[ D+4+*0%*%*##!*!S[ 4,.!//!  1.%*#!).5+#!*!/%/%*0!(!+/0/
M1' !0(CS[[WN RYZTTS $.

BSRUWYTUVDSRUW[WVS,. !.!0! % %5/0!%*!.%$#(5+,.+0!%* !*!+2!.D!4,.!//! %* !2!(+,%*#0!/0%/+),.! 3%0$+2.5
M+5!.!0(CTRRVN [X[XTW $.
BVVZXSR[DVV[SVS[
.5 !4 !0!.)%*%*#.!#%+* .%).5)(!D !0!.)%*%*#"0+.%*)+/0)))(/C!%*0.+ 10%+*
M.0%!.%!0(CTRRXA* !0(CTRRTN TVWU[X $.
BWYZXWVUDWYZZSYY
DV /,(J.5*+ %*!.!!,0+. +)%** +4+*0%*%*#V
(5/.+(!%*0$!!.(5 !2!(+,)!*0+"#!.)!((/%*6!."%/$
M* !0(CTRRTA* .<+.)TRSRN SUV[UX $.


BZSY[T[RDZTRTRUX
4( !4(!0$( +,+"/ !%* .+/,$%(%
M.%*<'!.S[[ZA$.0(TRRVN RTZSWU $.


BSYTWWRVWDSYTXRXXS
Appendix
57
 WZ
4S 0D+40.*/.%,0%+*"0+. 
*2+(2! %*!).5+#!*!/%/* +.#*+#!*!/%/
M*+!0(CTRSSN TYYXUS $.


BSWXXWYZUDSWXYTWUX0,WU 1)+.,.+0!%*,WU 
* 1!//!4.!2!./("0!.0$!)100%+*+"D.!,%.,0$35#!*!%*6!."%/$
M+ .%#1!6D.%!0(CTRSRN RTXW[U $.

BVUTVTYTDVUT[TRW
0.M0.TN .*/"+.)!. !*0.(,(5!.%*0$!!2+(10%+*+"/!4 !0!.)%*0%+*%*%*/!0/C
M!.$1(/0!0(CTRSRN RVWWRV $.BZV[WWYRDZV[YVXY
/ / !*!+2!.!4,.!//! %* !2!(+,%*#0!/0%/+),.! 3%0$+2.5
M1&%3.!0(CS[[VA*+('+1!0(CTRRXN Y[YUZU $.B[RZXTRWD[RZXZT[
, (+/%*D+*0%*%*#,.+0!%* !4.!(0! %*6!."%/$@+*(5%*#+* /
M+5!.!0(CTRRVN WRWVSZ $.
BTX[ZZ[YRDTX[[UYVS**S *%*S !*!+2!.!4,.!//! %* !2!(+,%*#0!/0%/+),.! 3%0$+2.5
M+5!.!0(CTRRVA.%))+* !0(CTRRRN RTX[XU $.
BXSRUXWDXTS[TV
*0V %*#(!//D05,!%*0!#.0%+*/%0!")%(5@)!)!.V
!*!/%*2+(2! %*0$!2!.0!.0!/!4D !0!.)%*0%+*/ !
M	(!!0(CTRSRN TWSVS $.

BSSSXRT[SDSSSXURTW
0S %()/01)+.S$+)+(+# 
*2+(2! %*0$!2!.0!.0!/!4 !0!.)%*0%+*/ !
M	(!!0(CTRSRN RW[VZR $.
BUTTWWYTDUTVRTTW
+( (!0$( +,+"/ !%*C!(!#*/ M$.0(TRRVN ORRSRT[TVZCS
















Appendix
58
 W[
;-7- "" *			
$!0(!!(+3/$+3/3$0#!*!/3!.!"+1* %*0(*0%/()+*"0!.0$!1*%#!*!,!."+.)! %*(45@(+*#3%0$0$!/!-1!*!%0D/+.!* % !*0%05%*,!.!*0C
0(/+/$+3/,+//%(!,.(+#1!/"+./!2!.(+"0$!#!*!/@).'! 3%0$*H4I%*0$!H.(+#ID+(1)*@(+*#3%0$%0/%0D/+.!* % !*0%05C$!#!*!/0$0$2!*+0$!./,!%!/0$*()+/(.%*0$!H,!%!/ID+(1)*.!0$!#!*!/0$0 % *+0$2!*5#++ $%0/%*0$!1*%#!*!D//!)(5* 0$!.!"+.!'!,00$!%.+.%#%*(/!-1!*!/C
# %( 2($' 
#)).B '!$ 2($' 
#)).B
( $US ()+/(. U[SW SRR 4 [SV [V@S[
)D /4 ()+/(. WR SRR   
)$ ()+/(. WR [S@Z[   
),X ()+/(. SYT ZU@TS   
. U ()+/(. SSSZ [Y@UT   
/  ,%/)!((%"!.     
5,S[ ()+/(. SUY ZT@Z[   
4S .56%/(0%,!/     
4T .!+$.+)%/*%(+0%1/     
).0S *+.$5*1/)5'%//     
).0T ()+/(. SU[ ZV@Y   
).0U *%+.!.%+     
 .56%/(0%,!/     
"*( ()+/(. SVS ZR@ZV   
"!) ,%/)!((%"!.     
#"[ 1/)1/1(1/     
+4(T ()+/(. XR [V@YV   
".1 ()+/(. TTUZ SRR 4 SRZV [U@YT
06DS ()+/(. UUS [T   
0V ()+/(. YVW SRR   
/ " ()+/(. [UZ [V@US   

#"S ()+/(. SZTT SRR   
.,S ()+/(. WW[ [Z@UV   
$4[ .56%/(0%,!/     

S ()+/(. STU Z[@T[   
!,S ()+/(. YY@Z [V@ST   
Appendix
59
 XR
%/ST ()+/(. TUYY SRR 4 XTX [S@[Y
.+ 1/)1/1(1/     
,0S ()+/(. US[ ZR@[W   
,S ()+/(. UWY ZY@V   
/,+S *%+.!.%+     
"S ()+/(. YW@Z ZT@ZS   
$# ()+/(. SUSV [X@YT   
+4RS ()+/(. UUU ZT@ZW   
+4RT ()+/(. ZRW ZW@XZ   
+4RU ()+/(. YRX Z[@RV   
+4RV ()+/(. TRUV SRR   
+4RW .56%/(0%,!/     
+4RX *%+.!.%+     
+4RY ()+/(. SYZZ SRR   
+4RZ ()+/(. STSS SRR   
+4R[ ()+/(. UZ[ ZV@TY   
+4SR *%+.!.%+     
+4SS ()+/(. VSYW SRR   
+4ST 0%'(!'     
+4SU .56%/(0%,!/     
+4SV ()+/(. STW ZT@WY   
+4SW 1/)1/1(1/     
+4SX 1/)1/1(1/     
+4SY 0%'(!'     
+4SZ .56%/(0%,!/     
+4S[ *%+.!.%+     
,. ()+/(. WS[ ZV@T   
.5 ()+/(. YTT Z[@VU   
DV ()+/(. XS@[ [V@ZY   
4( ()+/(. VUV ZS@VU   
4S ()+/(. [Y@X ZU@RU   
0,WU ()+/(. SSU ZX@TX   
0.T ()+/(. UVYS SRR 4 VVX ZY@U
2/ ()+/(. UYY ZZ@[[   
Appendix
60
 XS
, ()+/(. SRS ZR@RY   
**S ()+/(. SS[ Y[@[V   
*0V *%+.!.%+     
0S ()+/(. VZV[ SRR 4 USS ZX@RY
4+( !*+.$ %0%/!(!#*/     

























Appendix
61
 XT
;-8- "" *	!-1!*!//!(!0! ".+).$*!//!)(5"0!..!)+2%*#.!,!0/CS%*0$!(!"0+(1)*)!*/%03/0$!,.%)!/!(!0%+*@3$%(!T)!*/%03//!(!0! /,.+(!,.(+#C$!0(!/$+3/0$!#!*!*)!@3$0+*0%#0$!/!-1!*!$%0@% !*0%05%*^+"0$!$%0* !D2(1!* %0D/+.!C$!0(!(/+/$+3/0$!/0.0DM/0.0/!-N* !* M!* /!-N,+/%0%+*/%*0$!-1!.5/!-1!*!(+*#3%0$(!*#0$+"0$!/!-1!*!$%0M(!*#0$/!-N@/3!((//0.0D* !* ,+/%0%+*/%*0$!$%0@(+*#3%0$(!*#0$+"0$!$%0C
 # $#) 
#)).B )')(& #(& )')) #) #)(& #)) 2+!* 2($'
S ( $US URZX 988 ST[W TRRT [SRU ZU[X YRY YRY R 9;=8
T ( $US UTZZ[[ @A0:: W[S YWX W[S YWX SXW DSXW T@RRDVV 9@>
S )D /4 VYVUU 988 S[V W[Y UTRW UXRZ VRU DVRU R @89
T )D /4 URXSS[ A=0;; SRW W[Y SUV[ ZXR V[T VZ[ R ?A9
S )$ SSWZ 988 XU WRT TYRX USVW VU[ DVU[ R @?:
S ),X T[T[U[ 988 WW SYR STTR SSRW SSW SSW W@RRDWZ :;8
T ),X WZZ[S @<0<: SXZ US[ VVZU VXUV SWS DSWS U@RRDTT 999
S . U S[YUV A?0== SVT VXY YRTY XYRT UTW UTW U@RRDSXV =@;
T . U TZWXXR A80: S[Z VVS SVWT STR[ TVU TVU V@RRDYY :A;
S 5,S[ SUSXRR A@0?@ SSR UWV SVW[ STSW TVV TVV V@RRDSTZ <>:
S 4S UZWZW @=0>= UYU WZY T[W WR[ TSV DTSV Y@RRDVU 9@8
S ).0S SWUWXS A>0>< ZXX SRSV SXTW SYYU SVZ DSVZ S@RRDXW :=>
S ).0T SWUZTT @@0<9 W VXU VSUU VWZX VWZ DVWU V@RRDSUT <?>
S ).0U TUYSXZ @?0<: WU UWT TUXV TRXW T[[ T[[ Z@RRDYY :A;
S "*( SZXUVX A909< TY SRW SZ[T S[YR YZ DYZ U@RRDS[ 989
S +4(T TV[RZ 988 W ZV[ SSSVV SRURR ZVV ZVV R 9>?=
T +4(T UTS[[ A;0=> W ZVX SRSUS SR[ZR ZVS DZV[ R 9:<9
S ".1 TRWRSV AA0= WUT SST[ [VX UVY W[Y W[[ R 99><
S ".1K,. URZT[Z 988 X TWT SSRX SUWT TVX DTVX U@RRDSUX <A8
S 0V UT[WWW 988 SYR UUZ TU[Y TTT[ SXZ SXZ Z@RRD[R ;;=
S / " XYSSU @<0>> URX VXX USXT UUTT SXR DSXR U@RRDTW 9:9
Appendix
62
 XU
S 
#"S STT[WV 988 VUR X[U SVYY STSV TXU TXU U@RRDSVX =:;
T 
#"S [YYVT A<0:> X[S Z[R STRV SVSS S[[ DTRY Z@RRDZT ;8A
S .,S T[XTRW AA0=> TWX YRY TYRX USWZ VWS DVWT R @@8
T .,S SUTYZW A90A@ TWX V[T SRVR STYX TUX DTUX X@RRDZW ;9A
S $4[ [V[[R @A0;> STV USS URX SS[ SZY SZY U@RRDWU :9<
S 
S UXSSZ A80AA T UTT [RXR [UZS UTR DUTS S@RRDZT ;99
S !,S TXTZT 988 S TS[ SX[X S[SV TSZ DTSZ S@RRDSS[ <;<
S %/ST TWRZY AA0=A VZ STXX TUVT UWWZ STSZ DSTSX R ::?@
S ,0S UWUVT A=0:@ TXT UZY S STY STW DSTX S@RRDV[ :8:
S "S SXZXX 988 W YR US[ TWV XW XW U@RRDTZ 9;9
T "S VWUZVV A:0A@ X[ TU[ SSTT ST[T SYR DSYR V@RRDWT :98
S $# SWXTRV 988 TYZ VX[ VUXS VSYR S[S S[S T@RRDSRU ;@9
T $# UYUXUR @A08: S SXU SV[R SUUR SXT SXR T@RRDVT 9?@
S /+4RS STZXXS AA0>= S WYS USWY TWZY WYR WYR R 999>
S /+4RT VSSR 988 TRSR U[ZT VRRS TRT[ S[YT S[YT R ;@>A
S /+4RU UXRSU 988 S ZUX ZXTZ [VXU ZUW DZUW R 9>9>
S /+4RV XWX[X AA0A9 SUYU TVZT W[US VZTT SSR[ SSR[ R :8:>
T /+4RV SSWUWW @<0?: XTX ZUX XT[T XWRT TSR DTSR U@RRDUW 9=?
S /+4RW SZR[XV A;09> SXTW SYVR UYUX UZWS SSW DSSW T@RRDUZ 9>?
S /+4RX SSZWRU @@0=; SZSY TRUT UTZW URYR TSW TSW T@RRDWY :;8
S /+4RY UZZSZ[ 988 SSSS STV[ SZTW S[XU SUZ DSUZ T@RRDYS :?>
S /+4R[ XZZS[ A;099 WW UWR TSXW SZXS T[W URV S@RRDSSY <:@
S /+4SR TTUSZ @<0@< SWUV SYYW SSYY SVSZ TVS DTVS T@RRDVV 9@>
S /+4SS SYYWX 988 S TTUS UYV[ SWS[ TTUR TTUR R <9?;
T /+4SS [TTYV @A0?? STS STYZ VZXT XRTY SSWY DSSXW R 9;=:
S /+4ST TSY[SU @@09: TUX XWW WRV ZW VS[ VS[ S@RRDSS[ <;>
Appendix
63
 XV
S /+4SU UUTRVU A90; SWZW SYXY SRUS ZV[ SZT SZT T@RRDW[ :;>
S /+4S[ XZXZZ @80@ UWX ZVY TSWW TXVX V[S DV[S Z@RRDWU :9<
S ,. ZSZXR 988 [VY SUYS UURZ UYUT VTV DVTV R @<:
S .5 UXRSU 988 S ZUX ZXTZ [VXU ZUW DZUW R 9>9>
S DV SR[VVV AA0<A SW[ YVU SWX YVS WZV DWZW R 98;=
S 4( Y[UZX AA0A9 YYR SZXT SZYV T[XY SR[T DSR[U R :8;<
T 4( UW[ZUX A:09 YYR SZVZ YWT SZWW SRYZ DSSRU R 9;=>
S 4S VWXUWW AA0?< W YYR SSR ZYW YXW DYXW R 9<==
T 4S VWTZU @>0>? W WVV WWRT XRVR WU[ DWUZ [@RRDSUV <@:
S 0,WU WTWRV AA0@A S[V[ TZVU VUZ SUUT Z[V DZ[V R 9?>>
S 0.T WRTYU AA0@9 SRSW SWV[ TUUT SY[Z WUV WUV R 98=;
S 0.TK,. [V[YV A<0;? T[W UXV SRYY SRR[ X[ XZ T@RRDTR 98=
S 2/ SW[[[V AA0<= TZU VXV TVR W[ SZS SZS W@RRD[W ;=;
S , VSXWS A=0=? STW TZT TWVS TX[W SWY DSWV T@RRDXW :=<
S **S [WY[X AA0?= VWU ZVX XYT TY[ U[U U[U R ??;
S 0S SYXRUZ 988 VS YVZ VZY SS[V YRY DYRY R 9;:8
S 0SK,. VXXUU A?0A= VYV ZXU [YSY [UTY UZ[ U[R R ?98












Appendix
64
 XW
;-9- "" *$!0(! %/,(5/0$!,100%2!//!(!0! "+.!$#!*!"0!.0$! !0!0%+*%*/!0%+*TCXC/3!.!/!(!0! /! +*".!-1!*5C
  "#!$#   ! $'
20,2/3/  |:AG-2:AA-21:GG-7|30|63|A-0.73G-0.27 2/ 52  /(62  /(16
20,4662  |:TG-6:TT-4:GG-11|21|35|T-0.33G-0.67 10 24  /(22  /(56
20,488/  |:TG-1:TT-12:GG-5|18|32|T-0.69G-0.31 07 21  /(58  /(20
,0026  |:CC-2:AA-21:CA-4|27|67|A-0.85C-0.15 16 56  /(74  /(04
,2607  |CC-3TT-10CT-0|13|35|T-0.77C-0.23 02 24  /(66  /(12
5,054  |AA-10GG-1AG-0|11|20|A-0.91G-0.09 00 1/  /(80  /(/8
5*!,056  |AA-17GG-1AG-0|18|36|A-0.94G-0.06 07 25  /(83  /(/5
5*!,065  |:AG-1:AA-2:GG-15|18|42|A-0.14G-0.86 07 31  /(03  /(75
!2,0/04  |:CC-14:AA-9:CA-1|24|78|A-0.40C-0.60 13 67  /(3  /(5
!2,8502  |:AG-2:AA-27:GG-3|32|59|A-0.88G-0.12 21 48  /(77  /(01
!2*!,043/  |:TG-2:TT-1:GG-25|28|66|T-0.07G-0.93 17 55  /(/6  /(82
!2*!,06/8  |CC-2TT-10CT-0|12|27|T-0.83C-0.17 01 16  /(72  /(06
'08,0488  |:AG-1:AA-17:GG-1|19|69|A-0.92G-0.08 08 58  /(81  /(/7
'08,051/  |:AG-2:AA-21:GG-8|31|84|A-0.71G-0.29 20 73  /(60  /(18
&0  |TG-1TT-17GG-0|18|29|T-0.97G-0.03 07 18  /(86  /(/2
!#0,1/20  |TT-4CT-1CC-0|5|14|T-0.90C-0.10 4 03  /(8  /(0
!#0,2/70  |:AG-7:AA-15:GG-4|26|90|A-0.71G-0.29 15 8/  /(60  /(18
!#1,3328  |CC-18AA-1CA-0|19|28|A-0.05C-0.95 08 17  /(/4  /(84
!#1,741  |:CC-5:TT-10:CT-1|16|28|T-0.66C-0.34 05 17  /(55  /(23
!#2,0577  |TT-1GG-18TG-0|19|34|T-0.05G-0.95 08 23  /(/4  /(84
!#2,1168  |CC-1TT-19CT-0|20|39|T-0.95C-0.05 1/ 28  /(84  /(/4
 
|TT-23GG-1TG-0|24|44|T-0.96G-
13 33  /(85  /(/3
Appendix
65
 XX
0.04 
&1,01405  |CC-2CA-15AA-0|17|20|A-0.44C-0.56 06 1/  /(33  /(45
&1,4521  |AA-4GG-13AG-0|17|28|A-0.24G-0.76 06 17  /(13  /(65
&1,785/  |TT-12GG-13TG-0|25|66|T-0.48G-0.52 14 55  /(37  /(41
&1*!,0/10/  |CC-8GG-12CG-0|20|40|C-0.40G-0.60 1/ 3/  /(3  /(5
&1*!,0/172  |TT-11GG-4TG-0|15|20|T-0.73G-0.27 04 1/  /(62  /(16
!$*!  |AA-1GG-25AG-0|26|49|A-0.04G-0.96 15 38  /(/3  /(85
",2137  |:AG-1:AA-21:GG-1|23|39|A-0.93G-0.07 12 28  /(82  /(/6
",76/2  |AG-2AA-16GG-0|18|29|A-0.94G-0.06 07 18  /(83  /(/5
	!0,1751  |:AT-11:AA-4:TT-4|19|26|A-0.50T-0.50 08 15  /(4  /(4
	!0*!,0854  |CC-1AA-16CA-0|17|24|A-0.94C-0.06 06 13  /(83  /(/5
	&8,0817  |:TG-1:TT-22:GG-1|24|53|T-0.94G-0.06 13 42  /(83  /(/5
	&8,4522  |AA-9GG-13AG-0|22|31|A-0.41G-0.59 11 20  /(30  /(48
	0,0/81/  |:CC-12:TT-1:CT-7|20|57|T-0.23C-0.78 1/ 46  /(12  /(67
	0,7457  |:CC-1:AA-15:CA-2|18|35|A-0.89C-0.11 07 24  /(78  /(00

0,3766  |CC-1TT-20CT-0|21|39|T-0.95C-0.05 10 28  /(84  /(/4

0,617  |CC-1AA-16CA-0|17|28|A-0.94C-0.06 06 17  /(83  /(/5

"01,21/6  |CC-2TT-17CT-0|19|45|T-0.89C-0.11 08 34  /(78  /(00
#0,1135  |:CC-9:TT-15:CT-4|28|57|T-0.61C-0.39 17 46  /(50  /(28
0  |TT-27GG-1TG-0|28|56|T-0.96G-0.04 17 45  /(85  /(/3
0*!,580  |:CC-8:CG-1:GG-22|31|99|C-0.27G-0.73 20 88  /(16  /(62
*!,0273  |TT-21GG-1TG-0|22|43|T-0.95G-0.05 11 32  /(84  /(/4
&/0,03/5  |AG-8AA-16GG-0|24|60|A-0.83G-0.17 13 5/  /(72  /(06
&/0,5257  |:CC-3:AA-14:CA-1|18|46|A-0.81C-0.19 07 35  /(70  /(08
Appendix
66
 XY
&/1,3541  |CC-18TT-1CT-0|19|34|T-0.05C-0.95 08 23  /(/4  /(84
&/1,5505  |:CC-1:CG-1:GG-20|22|47|C-0.07G-0.93 11 36  /(/6  /(82
&/3*!,523/  |:AG-1:AA-1:GG-24|26|47|A-0.06G-0.94 15 36  /(/5  /(83
&/4,251/  |CC-20AA-1CA-0|21|26|A-0.05C-0.95 10 15  /(/4  /(84
&/5,2454  |:AG-10:AA-6:GG-10|26|56|A-0.42G-0.58 15 45  /(31  /(47
&/5,50/4  |:CC-18:CG-2:GG-1|21|42|C-0.90G-0.10 10 31  /(8  /(0
&/5,6734  |:TG-1:TT-18:GG-2|21|47|T-0.88G-0.12 10 36  /(77  /(01
&0/,1/85  |:CC-17:GG-2:CG-10|29|68|C-0.76G-0.24 18 57  /(65  /(13
&0/,22/8  |:CC-6:TT-17:CT-2|25|59|T-0.72C-0.28 14 48  /(61  /(17
&0/,2238  |CC-16GG-3CG-0|19|52|C-0.84G-0.16 08 41  /(73  /(05
&00,147  |TT-13GG-2TG-0|15|37|T-0.87G-0.13 04 26  /(76  /(02
&00*!,1787  |CC-2TT-28CT-0|30|52|T-0.93C-0.07 2/ 41  /(82  /(/6
&01,01/7  |:AG-1:AA-13:GG-5|19|33|A-0.71G-0.29 08 22  /(60  /(18
&01,358  |CC-9GG-12CG-0|21|37|C-0.43G-0.57 10 26  /(32  /(46
&02,745  |TT-19GG-1TG-0|20|33|T-0.95G-0.05 1/ 22  /(84  /(/4
&08,1637  |:CC-1:CG-2:GG-25|28|58|C-0.07G-0.93 17 47  /(/6  /(82
!,1/66  |:CC-7:AA-9:CA-12|28|62|A-0.54C-0.46 17 51  /(43  /(35
!,1300  |CC-3GG-18CG-0|21|38|C-0.14G-0.86 10 27  /(03  /(75
!',1305  |CC-16AA-1CA-0|17|28|A-0.06C-0.94 06 17  /(/5  /(83
!',6402  |AA-2TT-28AT-0|30|54|A-0.07T-0.93 2/ 43  /(/6  /(82
"+3  |AA-1GG-22AG-0|23|36|A-0.04G-0.96 12 25  /(/3  /(85
"+3  |AA-1TT-26AT-0|27|51|A-0.04T-0.96 16 40  /(/3  /(85
"+3,0061  |:TG-2:TT-32:GG-1|35|71|T-0.94G-0.06 24 60  /(83  /(/5
&,2430  |AA-1CC-20AC-0|21|37|A-0.05C-0.95 10 26  /(/4  /(84
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&*!,00/5  |:CC-1:TT-19:CT-1|21|35|T-0.93C-0.07 10 24  /(82  /(/6
&0,0123  |AA-1GG-18AG-0|19|36|A-0.05G-0.95 08 25  /(/4  /(84
&0*!,0860  |CC-2AA-21CA-0|23|46|A-0.91C-0.09 12 35  /(80  /(/8
&0*!,2168  |AA-1GG-11AG-0|12|25|A-0.08G-0.92 01 14  /(/7  /(81
42,3136  |:TG-1:TT-18:GG-1|20|47|T-0.93G-0.07 1/ 36  /(82  /(/6
42,503/  |AA-9TT-1AT-0|10|40|A-0.90T-0.10 0/ 3/  /(8  /(0
42,5087  |TT-14GG-1TG-0|15|44|T-0.93G-0.07 04 33  /(82  /(/6
!1,3/4/  |:CC-1:TT-26:CT-1|28|58|T-0.95C-0.05 17 47  /(84  /(/4
!1,578/  |CC-2GG-15CG-0|17|32|C-0.12G-0.88 06 21  /(01  /(77
!1*!,8/00  |:CC-24:AA-1:CA-1|26|59|A-0.06C-0.94 15 48  /(/5  /(83
",56  |:AT-2:AA-14:TT-16|32|77|A-0.47T-0.53 21 66  /(36  /(42
,1587  |CC-1AA-12CA-0|13|28|A-0.92C-0.08 02 17  /(81  /(/7
0,431  |CC-28AA-3CA-0|31|62|A-0.10C-0.90 20 51  /(0  /(8
#0,021  |CC-1TT-20CT-0|21|36|T-0.95C-0.05 10 25  /(84  /(/4
#0*!,6167  |AA-1TT-15AT-0|16|20|A-0.06T-0.94 05 1/  /(/5  /(83
#0*!,78/2  |:CC-4:CG-3:GG-24|31|69|C-0.18G-0.82 20 58  /(07  /(71
#0*!,848/  |:CC-1:TT-13:CT-1|15|29|T-0.90C-0.10 04 18  /(8  /(0
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